CAPILLARY ELECTROPHORESIS SYSTEMS AND ADDITIVES 
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The present invention relates to a process for separating proteins and peptides by 
capillary electrophoresis and to buffer compositions comprising an additive for use 
in such separation. 

The proteins in biological fluids such as serum are analysed for analytical 
5 for diagnostic purposes and in particular, usually by separating the proteins by 
electrophoresis, either gel electrophoresis or capillary electrophoresis. One 
advantage of capillary electrophoresis lies in the fact mat only tiny quantities of 
biological fluids are required for analysis. Further, separation using that technique 
can be very rapid, because high voltages can used without the sample heating up 

10 too much during separation. 

To separate blood proteins, capillary electrophoresis is conventionally 
carried out with alkaline buffers. Usually, the protein profiles obtained comprise 
five or six fractions, namely the albumin fraction, the ai and a 2 globulin fractions, 
the 0 globulin fraction or the Pi and globulin fractions, and the y globulin 

15 fraction. 

Such separation can be carried out using capillary electrophoresis with the 
aid of buffer systems and techniques such as those described in United States 
Reissued patent US-Re-36 01 1 or European patent EP-A-0 518 475. 

Until now, however, separating albumin and ai globulin by capillary 
20 electrophoresis has been unsatisfactory. 

The Applicant has now demonstrated that improved separation, in particular 
albumin/cM globulin separation, can be achieved by employing an additive for the 
buffer system, which additive comprises an anionic pole with a pH of more than 9 


and a hydrophobic portion. Such additives are capable of hydrophobic interactions 
with one or more protein constituents and are also capable of providing the protein 
constituent or constituents with one or more negative charges and of modifying the 
electrophoretic mobility. 

Thus, the invention concerns an alkaline pH, free solution capillary 
electrophoresis method for analysing samples comprising protein constituents, in 
which the sample is introduced into a capillary tube containing a buffer system, 
said buffer system further comprising at least one additive that is capable of 
hydrophobic interaction with one or more protein constituents and capable of 
providing said protein constituent or constituents with one or more negative 
charges and of modifying the electrophoretic mobility. This step is generally 
followed by separating the protein constituents by migration and detecting the 
constituents. 

The invention also concerns a method for separating protein constituents in 
samples comprising albumin and the following fractions: an a.21 P (or Pi and P2); 
and y globulin, by electrophoresis in a buffer system, in which the buffer system 
comprises a further additive that is at least capable of a hydrophobic interaction 
with the albumin. 

The present invention also concerns a method for electrophoretic 
separation, by alkaline pH, free solution capillary electrophoresis, of protein 
constituents in a liquid sample, in which method the sample comprising said 
constituents is passed into a capillary containing a buffer system further comprising 
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at least one additive, the additive being a compound comprising an anionic pole 
with a pH of more than 9 and a hydrophobic portion. 

The compounds that can be used as an additive to the capillary 
electrophoresis buffer system of the invention are capable of a hydrophobic 
5 interaction with albumin; these compounds can, for example, be anionic surfactants 
such as those used in MECC (micellar electrokinetic capillary chromatography), 
but at a concentration that is below their critical micellar concentration. In the 
present invention, we use these compounds in free solution CE: the compound 
provides the albumin with a negative charge by hydrophobic interaction between 
10 the hydrophobic residues of the albumin and the hydrophobic portion of these 
compounds, thus reducing the mobility of the albumin compared with that of the 
other proteins. One consequence is improved separation of albumin from the cti 
fraction. 

Finally, the invention concerns electrolyte compositions for capillary 
15 electrophoresis comprising at least one buffer and an additive that is capable of 
hydrophobic interaction with albumin, in a suitable support. 

As will become clear from the examples, the use of the additives of the 
invention allows improved separation of the alburnin and <Xi globulin fractions. It 
also improves the base line return between these two fractions compared with the 
20 normal buffers. 

Other characteristics and advantages of the invention will become clear 
from the following detailed description made with reference to the accompanying 
drawings and examples. 


Figure 1 shows an electropherogram of normal human serum analysed by 

capillary electrophoresis using a glycine buffer. 

Figure 2 shows an electropherogram of nonnal human serum analysed by 

capillary electrophoresis using the same glycine buffer with an additive of the 

invention- 
Figure 3 shows an electropherogram of normal human serum analysed by 

capillary electrophoresis using a borate buffer. 

Figure 4 shows an electropherogram of normal human serum analysed by 

capillary electrophoresis using the same borate buffer with an additive of the 

invention. 

Figure 5 shows an electropherogram of normal human serum obtained by 
agarose gel electrophoresis. 

Figure 6 shows an electropherogram of serum from a patient presenting 
with an acute inflammatory syndrome, obtained by capillary electrophoresis using 
a glycine buffer. 

Figure 7 shows an electropherogram of serum from a patient presenting 
with an acute inflammatory syndrome, obtained by capillary electrophoresis using 
the same glycine buffer with an additive of the invention. 

Figure 8 shows an electropherogram of serum from a patient presenting 
with an acute inflammatory syndrome, obtained by capillary electrophoresis using 
a borate buffer. 


Figure 9 shows an electropherogram of serum from a patient presenting 
with an acute inflammatory syndrome, obtained by capillary electrophoresis using 
the same borate buffer with an additive of the invention. 

Figure 10 shows an electropherogram of serum from a patient presenting 
with an acute inflammatory syndrome, obtained by agarose gel electrophoresis. 

Figure 1 1 shows the mobility of the aj globulin fraction and that of the 
albumin fraction for various lengths of the carbon chain of an alkylsulphonate 
added to a borate buffer. 

Additives for the buffer in accordance with the invention that are capable of 
interacting with the hydrophobic portion of albumin that can be cited are 
compounds comprising an anionic pole with a pH of more than 9 and a 
hydrophobic portion. The hydrophobic portion can be composed of at least one 
alkyl chain, which may or may not be branched, containing 4 to 22 carbon atoms, 
namely 4 to 20 carbon atoms, and/or at least a combination of 1 to 10 cyclic 
groups, which groups may be aromatic or non aromatic. Preferably, combinations 
of 1 to 4 cyclic groups are used. As will be readily understood by the skilled 
person, this hydrophobic portion can comprise residues or functions that do not 
essentially modify its hydrophobic nature, such as one or more hydroxyl or amine 
functions, for example. 

The anionic pole can be constituted by one or more of the chemical groups 
or functions from the following list: sulphonates, carboxylates, sulphates, 
phosphates, carbonates. 


6 

The following can in particular be cited: cholates, to C22 alkyl-mono-, 
di- or tri- sulphonates, tetradeccnesulphonate, Tiaphthalenesulphonates, C6 to C22 
alkylmono-, di- or tri-carboxylates, C6 to C23 alkylcarboxysulphonates, 
naphthalenecarboxylates, C4 to C14 alkylsulphates, C4 to Cu alkylcaibonates, 
5 benzenesulphonates and benzenecarboxylates. 

The above di- and tri-carboxylates, di- and tri- sulphonates and 
carboxysulphonates are thus combinations of one or more carboxylate or 
sulphonate functions on Ce to C22 alky) chains. Non limitative examples thereof are 
the 1,2,3-nonadecanetricarboxylic acid (three carboxylate functions and a en Ci« 
10 alkyl chain), the 2-methyl-2-sulfooctadecanoic acid (one carboxylate function and 
one sulfonate function and a Cig alkyl chain) and the 1,12-dodecanedicarboxylic 
acid ( two carboxylate functions and a C 12 alkyl chain). 

C4 to C10 alkylsulphonates are more specifically cited amongst the Co to C22 
alkyl-mono-, di- or tri- sulphonates and the C* to C10 alkylcarboxylates amongst the 
15 Co to C22 alkyl-mono-, di- or tri- carboxylates, 

Within the above denominations, the alkyl radicals are preferably linear. 
Biological buffers can be used as additives according to the invention. 
Particularly zwitterionic buffer of the Good type can be cited, as CAPS (3- 
cyclohexylamino-l-propanesulphonic acid) and CHES (2-(N- 
20 cyclohexylamino)ethanesulphonic acid). 

Other zwitterionic biological buffer can be used within the context of the 
invention. The amino acid buffers are however not intended as a buffer or additive 
according to the present invention. 


Preferred additives from those cited above are C6 to Cio alkylsulphonates, 
and of the C$ to Cio alkylsulphonates, octanesulphonate is preferred. 

These compounds are known per se and axe commercially available. They 
can be in the acid or salt form. 

The term "sample in accordance with the invention" means the biological 
sample to be analysed, diluted with a suitable diluting solution or buffer system, for 
example, or pure. 

The sample for analysis can be any biological liquid from healthy humans 
or human patients. The human biological liquids can be normal or abnormal 
serum, and also haemolysed serum, plasma, urine, or cerebro-spinal fluid. In 
addition to human biological samples, it is possible to analyse samples of animal 
origin. The samples can also be synthetic proteins, and the method of the invention 
is then intended for production control, for example. 

The additives of the invention are of particular application for analysing 
serum, and for separating blood proteins in samples from humans. 

In blood samples, the blood proteins to be separated are primarily albumin 
and the ai; a 2 ; |3 (or pi and P2); and y globulin fractions. 

The buffer system can be any known buffer system adapted to the desired 
separation, for use in electrophoresis in general and capillary electrophoresis in 
particular. Examples that can be cited are borate, phosphate and carbonate buffers, 
buffers based on amino acids and buffers known as biological buffers. 

Examples of biological buffers that can be cited are those known as bis- 
TRIS (2-bis[2-hydroxyemyl]annno-2-hydroxymemyl-l,3-propanediol), ADA (N- 
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[2-acetamido]-2-iminodiacetic acid), ACES (2-[2-acetammo[-2- 
aminoethanesulphonic acid), PIPES (1,4-piperazinediethanesulphonic acid), 
MOPSO (3-[N-moipholino]-2-hydroxypropancsulphonic acid), bis-TRIS 
PROPANE (l,3-bis!tris(hydroxymethyl)methylarninopropane]), BES (N,N-bis[2- 
5 hydroxyethyl]-2-arninoethanesulphonic acid), MOPS (3-[N- 

moTphoHno]propancsulphonic acid), TES (2-[2-hydroxy-l,l- 

bis{hydrox>roethyl)ethylaniino]ethanesulphonic acid), HEPES (N-[2- 
hydroxyethyl]piperazine-N*-(2-ethanesulphonic) acid), DIPSO (3-N,N-bis[2- 
hydroxyethyl]ainiiio-2-hydroxypropanesulplionic acid), MOBS (4-N- 

10 morpholinobutanesulphonic acid), TAPSO (3[N-tris-hydroxymethyl- 
methylamino]-2-hydroxypropanesulphonic acid), TRIS (2-amino-2- 
[hydroxymethyl]-l,3-propanediol) s HEPPSO (N-[2-hydroxyethyl]piperazine-N'- 
[2-hydroxypiopanesulphonic] acid), POPSO (piperazine-N,N , -bis[2- 
hydroxypropanesulphonic] acid), TEA (triethanolamine), EPPS (N-[2- 

15 h.ydroxycthyl]-piperazine-N'-[3-propanesuIphonic] acid), TRICINE (N- 
tris[hydroxymethyl]methylglycine), GLY-GLY (diglycine), BICDSfE (N,N-bis[2- 
hydroxyethyl] glycine), HEPBS (N-[2-hydroxyethyl]piperazine-N , -[4- 
butanesulphonic] acid), TAPS (N-tris[hydroxymctliyl3mcthyl-3- 
aminopropanesulphonic acid), AMPD (2-amino-2-methyl-l,3-propanediol), TABS 

20 (N-tris[hydroxymethyl]methyM-aininobutanesulphonic acid), AMPSO (3-[(l,l- 
dim<jthyl-2-hydroxyethyl)aroino]-2-hydroxypropanesulphomc acid), CHES (2-(N- 
cyclohexy1aim'no)ethanesu1phomc acid), CAPSO (3-[cyclohexylamino]-2-hydroxy- 
1-propanesulphonic acid), AMP (2-araino-2-methyl-l-propaiiol), CAPS (3- 


cyclohexyianiino-l-propanesulphonic acid) and CABS (4-[cyclohexylamino]-l- 
butanesulphonic acid), preferably AMPD, TABS, AMPSO, CHES, CAPSO, AMP, 
CAPS or CABS. 

The pH of the biological liquid in the buffer system, including the additive, 
can be between 2 and 12. However, for alkaline pH capillary electrophoresis, the 
pH is in the range 8 to 12, preferably in the range 9 to 11, more particularly 
preferably at about 10. 

The buffer systems of the invention can also comprise at least one pH- 
modifying compound. The pH-modifying compound can be a compound selected 
from lithium hydroxide, sodium hydroxide, potassium hydroxide, rubidium 
hydroxide, caesium hydroxide, francium hydroxide, or a mono-, di-, tri- or tetra- 
alkyl ammonium hydroxide containing 1 to 8 carbon atoms in the alkyl portion. 

In accordance with the invention, the biological buffers are used under the 
usual conditions, at concentrations in the buffer system of the order of 10 to 500 
mM, preferably 20 to 200 mM. 

The additives of the invention are used in concentrations of 0.1 mM to 500 
mM without, however, exceeding their critical micellar concentration in the buffer 
system. 

This value of the critical micellar concentration is applicable to additives 
that are surfactants. 

When octanesulphonate is used, its concentration in the buffer is of the 
order of 1 to 5 mM, preferably 1 to 5 mM ; preferably, the concentration is about 
2.5 mM. 
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In the methods of the invention, the buffer system can also comprise 
sodium sulphate. 

The buffer compositions of the invention are prepared in a manner that is 
normal when preparing buffer system compositions, namely by adding the 
constituents in the liquid form, or as a solid to be diluted, to an acceptable support 
Usually, the support is water, either distilled or demineralised. 

The materials used for the capillaries are those routinely employed in 
capillary electrophoresis. It is possible to use fused silica capillaries with an 
internal diameter of 5 to 2000 urn. Preferably, capillaries with an internal diameter 
of less than 200 urn are used, more preferably less man 100 um. Preferably, 
capillaries with an untreated internal surface are used. The skilled person will be 
capable of adapting the nature and size of the capillary to the analytical 
requirements. 

EXAMPLES 
MATERIALS AND METHODS 
A) Capillary electrophoresis (method A) 

Capillary electrophoresis was carried out on clinical samples using a CE 
apparatus provided with a fused silica capillary with an internal diameter of 25 
microns. Detection was carried out at 200 ran. The samples were placed in the 
apparatus's sample changer and automatically injected by hydrodynamic injection 
(50 mbars for 7 s). The samples were separated within 10 minutes by applying an 
electrical field of about 400 V/cm. The capillary was washed with 0.5 M sodium 
hydroxide before each analysis, then with the buffer system. 
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Buffer systems: 

Analytical grade chemical substances were used. 

A 150 mM glycine buffer was prepared by dissolving 11 3.6 g of glycine 
(molar mass 75.07 g/mole) in 1 litre (1) of demineraliscd water. The final 
concentration was 150 mM and the pH was adjusted to 10.0 by adding sodium 
hydroxide pellets (molar mass: 40.0 g/mole). 

A 150 mM borate buffer was prepared by dissolving 9.3 g of boric acid 
(molar mass 61.83 g/mole) in 1 1 of dcminerahsed water and 5.1 g of sodium 
hydroxide (molar mass: 40.0 g/mole). The final concentration was 150 mM and 
the pH was 10.0. 

B) Agarose gel electrophoresis (method B) 

Agarose gel was used to carry out a comparative analysis of blood proteins. 
10 ul of serum was loaded into each well in the membrane applicator described in 
European patent EP-A-0 493 996, US-A-5 464 515 and US-A-S 405 516. The 
loaded applicator was then applied to the surface of an agarose gel for 30 seconds. 
The samples applied to this agarose gel were separated by electrophoresis for about 
7.5 minutes at a power of 20 W, using an instrument that could regulate the 
temperature to 20 °C After migration, the gel was dried and stained with acid 
black. After staining, the gel was decolorised and dried again. The gels were then 
analysed by densitometry to produce the protein profiles. 
C) Clinical samples: 

For the CE, human serum was diluted to 1/10* in the buffer system. 
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EXAMPLE 1 (comparative) 
A glycine buffer system was prepared as described above. Normal serum 
was analysed. 

Electrophoresis was carried out using method A above. 
As can be seen from Figure 1, the electropherograms obtained exhibits five 
successive peaks, attributed to the y, 3, a 2 , aj globulin and albumin fractions 
respectively, reading from left to right. 

EXAMPLE 2 

Octanesulphonate in a concentration of 2.5 mM was added to the buffer 
system of Example 1. 

The electrophoresis was carried out as described in Example 1. 

As can be seen in Figure 2, the electropherogram obtained exhibits five 
successive peaks, attributed to y, p, a 2 , cti globulin and albumin fractions 
respectively. Comparison with the result of Example 1 shows that the separation 
between the two fractions, at globulin and albumin, is substantially improved, and 
the return to the base line is improved. 

EXAMPLE 3 (comparative) 

The procedure of Example 1 was followed, the buffer system being the 
borate buffer prepared as described above. 

The electrophoresis was carried out as described in Example 1. 

As can be seen in Figure 3, the electropherogram obtained exhibits six 
successive peaks, attributed to y, J3 2 , 3i, a*, ai globulin and albumin fractions 
respectively. 
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EXAMPLE 4 

Octanesulphonate in a concentration of 2.5 mM was added to the buffer 
system of Example 4. 

The electrophoresis was carried out as described in Example 1. 

As can be seen in Figure 4, the electropherogram obtained exhibits six 
successive peaks, attributed to y, P2, $1, 02, <*\ globulin and albumin fractions 
respectively. Separation between the two fractions, cii globulin and albumin, is 
substantially improved, and die return to the base line is improved. 

EXAMPLE 5 (comparative) 
The electropherogram of Figure 5 was obtained by analysing the 
same serum as in the preceding examples using method B above. Comparison with 
the result obtained in Examples 2 and 4 shows that these implementations can 
produce a resolution that is substantially comparable to the resolution obtained with 
an agarose gel. 

EXAMPLE 6 (comparative) 

A 150 mM glycine buffer system was prepared. 

Serum with high cti and oca globulin contents was analysed. 

The electrophoresis was carried out as described in Example 1 . 

As can be seen in Figure 6, the electropherogram obtained exhibits five 
successive peaks, attributed to y, p, ct 2 , cti globulin and albumin fractions 
respectively. 
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EXAMPLE 7 

Octanesulphonate in a concentration of 2.5 mM was added to the buffer 
system of Example 7. 

The electrophoresis was carried out as described in Example 6. 

As can be seen in Figure 7, the electropherogram obtained exhibits five 
successive peaks, attributed to y, P, a 2 , ai globulin and albumin fractions 
respectively. Comparison with the result of Example 6 shows that the separation 
between the two fractions, ai globulin and albumin, is substantially improved, and 
the return to the base line is improved. 

EXAMPLE 8 (comparative) 

The procedure of Example 6 was followed, the buffer being a 150 mM 
borate buffer. 

The electrophoresis was carried out as described in Example 6. 

As can be seen in Figure 8, the electropherogram obtained exhibits six 
successive peaks, attributed to y, P2, Pi, ol 2 , a\ globulin and albumin fractions 
respectively. 

EXAMPLE 9 

Octanesulphonate in a concentration of 2.5 mM was added to the buffer 
system of Example 8. 

The electrophoresis was carried out as described in Example 6. 

As can be seen in Figure 9, the electropherogram obtained under the same 
conditions exhibits six successive peaks, attributed to y, p 2 , Pi, 0:2, ol\ globulin and 
albumin fractions respectively. Separation between the two fractions, ai globulin 
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and albumin, is substantially improved, and the return to the base line is improved. 
The on fraction can be seen to be composed of two peaks, one of which 
corresponds to the orosomucoid and, in the absence of octanesulphonate, being 
merged with the albumin peak. 
5 EXAMPLE 10 (comparative) 

The electropherogram of Figure 10 was obtained by analysing the 
same serum as in Examples 6 to 9 using method B above. Comparison with the 
result obtained in Examples 7 and 9 showed that these implementations can 
produce a resolution that is substantially comparable to the resolution obtained with 
10 an agarose gel. 

EXAMPLE 11 

The comparative mobility (mn" 1 ) of ct| globulin and albumin were measured 
in a borate buffer (150 mM) with a pH of 10, using method A above. 
Alkylsulphonates with an increasing alkyl chain length (n) (n represents 4, 6, 8 and 

15 10 respectively for C4, Q>, Cg and C10, and n= 0 corresponds to a buffer with no 
alkylsulphonate) were added to the borate buffer in a concentration of 2.5 mM. 
The mobilities of the alpha- 1 fractions and the albu fractions were calculated 
and are shown on the graph of Figure 1 1. A substantial drop in the mobility of the 
albumin (■) compared with that of the alpha- 1 fraction (♦) can be seen beyond a 

20 C6 chain. 


